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Abstract 
This paper presents a methodology for optimal Var/Volt management of Distributed Generation (DG) and FACTS 
units in power networks. The methodology is based on Genetic Algorithm in order to achieve the desired system 
reliability requirements taking into account voltage stability limits. Results indicate that the proposed formulation 
could be used to determine the optimal points in which the incorporation of DG units and connection of FACTS 
devices would allow a voltage stability enhancement, minimizing, at the same time, real power losses and minimizing 
the investment cost of the FACTS devices. 
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1. Introduction 
Beyond any doubt, we can consider century 21st as the one devoted to renewable energy. This 
evolution is based on sustainability scenarios, like the BLUE one [1] related to the reduction of 
greenhouse emissions. However, modern power networks have to face a number of challenges such as 
growing electricity demand and aging utility infrastructure that locate power system operation close to 
their physical limits and with the possibility of low-voltage violations. In order to increase renewable 
energy penetration but without disregarding security distribution power networks need to evolve to a 
flexible power network, better known as smart grid, in which distributed intelligence, communication 
technologies and automated control systems work as the driving factors. 
One of the main issues in power systems is the reactive power management which entails the requested 
operation and planning actions to be implemented in order to improve the voltage profile and the voltage 
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stability in power networks [2]. An efficient reactive power planning could be obtained by choosing an 
optimum location of var sources during the planning stage, whereas efficient reactive power dispatch 
could be achieved by scheduling an optimum regulation of the voltage set point at the generators 
connection point and at the var settings during the reactive power dispatch [3]. Optimal allocation of Var 
sources happens to be one of the most challenging problems in power networks. The incorporation of 
shunt reactive power compensation devices in power networks provides voltage support, and reduces the 
danger of voltage instability or voltage collapse. In the past years, locations of Var sources were barely 
determined by estimation or by approach [4]; however, neither of both methodologies proved to be 
effective. 
 Current power systems are working close to this operational stability limit, so distribution and 
transmission system operators (DSO and TSO) are demanding renewable units to work as a conventional 
power plant and to contribute to ancillary services such as reactive power control. 
Intelligent optimization techniques emerge as the only suitable way to optimally design the new frame 
of smart grid. In order to find a suitable solution to such Var/Volt management problem, Genetic 
Algorithms (GA) are applied in those cases where different multiobjective functions are considered.  
 
2. Voltage Stability 
Voltage Stability is defined as the ability of a power system to maintain steady-state voltage at all 
buses in the system after being subjected to a disturbance from a given initial operating condition. 
Although voltage instability is a local phenomenon, the problem of voltage stability concerns to the whole 
power system, becoming essential for its operation and control. This aspect is more critical in power 
networks, which are heavily loaded, faulted, or with insufficient reactive power supply.  
In power networks with huge amount of renewable penetration levels, the role of voltage stability is of 
great importance due to the lack of reactive power contribution of renewable generators as well as their 
integration into weak networks 
3. Reactive Power Optimization based on Genetic Algorithms  
Genetic algorithms (GA) are a family of computational optimization models invented by Holland 
(1975) [5] and firstly implemented by Goldberg (1989) and Hopgood (2001) [6] to solve both constrained 
and unconstrained optimization problems. GA are based on natural evolution process, as it could be 
deduced from the employed operators, which are clearly inspired by these natural sequences, and from the 
main driver of the GA, which would be defined as a biological selection. One of the main advantages of 
the GA is that they work with a set of possible solutions, called population, which will be modified on 
each step (generation) of the algorithm according to genetic operators.  
 
 
Optimal allocation and proper sizing of DG units and their var injection are found by using an 
optimization algorithm in which a multiobjective GA strategy is applied in order to:  
• maximize voltage stability of the system, f(y), 
• minimize real power losses, g(y), and  
• minimize cost in VAR investment, h(y). 
 
Consequently, the multiobjective function could be expressed as: 
 
Min m(y) = α* f(y) + β* g(y)+ γ * h(y)  (5) 
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Where: 
y  is a vector of variables. 
α, β y γ are the weights of the individual goals. 
 
The main constraints considered in the optimization process are the following: 
• Load flow equality constraints, 
• Limits on Power Flow and maximum current at each branch, 
• Limits establish for voltage level at all buses, 
• Active and reactive power generation are limited by the generator capabilities, 
• Physical constrains at the generation unit connection point. The potential connection point from the 
generation units to the grid is limited to the several geographical areas in which the power system has 
been divided. 
 
Line transfer limit is a factor to be considered when performing voltage instability analysis. It is well 
documented that in order to achieve an efficient and reliable operation of power systems [7], the reactive 
power flow should be minimized so as to reduce the active power losses to a practical minimum.  
3.1. Encoding of variables 
A population is formed by a set of individuals that correspond with a possible solution of the problem. 
Each individual is represented by a set of variables to be optimized and they are usually represented in a 
string form called chromosome. The target is to find the best location and var injection for the “n” DG 
units and “m” FACTS devices. Each chromosome has (1 + 2 (n+m)) representing the system variables, 
Table 1. The first one represents the loadability parameter of the system (λ); the other ones represent, by 
pairs, the bus number location (PC) in which DG units and FACTS devices could be connected, and the 
Var injection from each device respectively. 
Table 1 . Chromosome structure 
Gen 1 Gen 2 Gen 3 … Gen 2*(n+m) Gen1+2*(n+m)
λ    
(p.u.) 
PC1 Q1 
(Mvar)
… PCn+m Qn+m       
(Mvar) 
3.2. Fitness Evaluation Function 
The formulation of the fitness function (FF) is a major aspect of the optimization problem. FF assigns a 
quality value to each individual of the population depending on how well the solution performs the 
desired functions and satisfies the given constraints. VVM is a nonlinear optimization algorithm that 
could be formulated as a conventional minimization problem [8]. According to this paper, the objective 
function deals with the loadability of the system, real power losses and var units cost. Load growth is 
modelled as a homothetic growth in all distribution load nodes [9]. For this purpose, a load change 
scenario is considered in which Pd and Qd can be represented as: 
0( ) (1 )di diP Pλ λ= +  (1)
0( ) (1 )di diQ Qλ λ= +  (2)
Where:  
- Pdi0 and Qdi0  are the original power load (base case) on each node. 
- λ represents the percentage of load homothetic increase definition [10]. 
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In this scenario of load change, λmax corresponds to the maximum power transferred under voltage 
constraints, ±5%UN.Genetic operators 
After implementing the fitness function, three basic genetic operators are applied to the population, in 
order to create a new population: selection, crossover and mutation as can be seen at Fig 1. 
-  
 
 
Fig. 1. Implementation of the optimization algorithm 
4. Case Study 
In this section the Var/Volt management methodology have been applied upon a real power system. 
The power system is made up of 140 buses with different voltage level varying between 380 kV and 380 
V. Fig 2 shows the sub-network corresponding to voltage levels between 380 kV and 45 kV for the sake 
of clarity. There is only one generator, slack bus, which represents the connection with the rest of the 
national power system.  
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Fig. 2. 140 bus Spanish test system 
 
Several DG units and FACTS devices must be optimally located: 
• One photovoltaic farm of 10 MW. For reactive power support a SVC is connected at the PV farm. 
• Two variable speed wind farms, 10 MW each one, which are capable of offering reactive power 
support at the wind farm substation.  
• Finally, two SVC must be located through the whole network with a maximum size of 10 MVAr. 
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Five different multi-objective goals have been defined where different weight coefficients have been 
considered as shown in Table 2. 
Table 2.  Individual objective weights for the multiobjetive sceneries 
 G.1 G.2 G.3 G.4 G.5 
α 0 1/2 2/5 1/3 1/4 
β 1/3 1/4 1/5 1/3 1/4 
γ 2/3 1/4 2/5 1/3 1/2 
 
 For each scenario, the multiobjective GA approach finds out the optimal location of DG and SVC 
units and the optimal var injection of these devices. Table 3 shows the maximum loadability (λcrit.), power 
losses and capacity of the SVC units for each Goals scenario. Table 4 shows the results location point and 
var injection of each unit, for each goal scenario. 
According to the results of Table 3, the best trade-off solution corresponds to goal G.3, which allows 
obtaining the minimum Var investment cost and minimum real power losses, at the same time, this goal 
scenario allows obtaining an optimum loadability factor in terms of voltage stability. For this goal, wind 
farms are connected to buses 9 and 32, and their var injection are 2 and 3 Mvar respectively. PV+SVC 
group is connected at bus # 22 with a var contribution of 3 Mvar. Finally, individual SVC units are 
located at buses 21 and 120 with an associate rate of  2 and 1 Mvar respectively. The voltage profile by 
applying the different multiobjetive scenarios is shown in Fig 3. 
Table 3.  maximum loadability, active power losses and capacity of FACTS units 
 G.1 G.2 G.3 G.4 G.5 
λcrit. (p.u.) 1.1 1.1 1.2 1.1 1.2 
Losses(MW) 2.53 2.63 2.5 2.61 2.52
∑QSVC(Mvar) 8 10 6 10 10 
Table 4. Results of the GA for each scenery 
 WF  WF PV+SVC SVC1  SVC2 
 PC1 Q1 (Mvar)  PC2 Q2 (Mvar) PC3 Q3 (Mvar) PC4 Q4(Mvar)  PC5 Q5 (Mvar) 
G. 1 9 2  30 3 21 4 22 1  23 3 
G. 2 9 2  31 2 22 6 102 1  49 3 
G. 3 9 2  32 3 22 3 21 2  120 1 
G. 4 9 0  32 2 22 4 32 5  24 1 
G. 5 9 0  31 3 21 7 33 1  31 2 
5. Conclusions 
This paper presents a new Var/Volt management system in smartgrids among DG and FACTS devices 
based on Genetic Algorithm capable to handle multiobjective optimization problems. The proposed 
strategy finds out the optimal allocation and var injection of DG and FACTS units in order to improve 
voltage stability, to minimize real power losses and to minimize the investment cost of var units 
simultaneously. The effectiveness of the methodology has been validated by applying it to an existing 
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power network with 140 buses. The formulation could be very useful to systems operators in the 
operation and any other situations where reactive power reserve would be needed.  
 
 
Fig. 3. Voltage profile for each multiobjective goal scenario at the 140 bus power network. 
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